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BACKGROUND OF THE INVENTION 
'■ field of the invention: 

The present invention relates to a Kght-emittino 
*~ctor device using galliurn „Le group 


2. Description of the Prior Art: 


'LI' kn T mat GaN Compound semiconductor 
can be made ,nto a lightening semiconductor 

t en „H! 8 Kf. aN COmpound semiconductor attracts at- 
«T ^ CaUS8 °' ftS W9h "fl^itfinfl efficiency 
resuftrng from a direct transition and of its awZl 
•mj. blue light which is one of th e three primary 

The light-emitting diode of GaN compound 

n toyer of the GaN compound semiconductor with 
n-type conduction is directly grown on the ZrtT* 
of me sapph.re substrate or grown on a buffer layl* 

Ito Z™ /""V 18 ""* <"< *° sapphire suT 
arate. The i-layer of semi-insulating (i-type) GaN 

( 6 Japanese Patent Laid-open Nos 
119196/1987 and 188977/1988) 

ho-,? 6 V °' ta ? e '° r drivin9 this «9ht-emitiing diode 

imZ™ 

conOr*? disadvanta 9° o' the gallium nitride 
compound semiconductor is that it does not Z 

even mough rt ,s doped with p.^ impurifies ' 
As the results of extensive studies, the present 

The light-emitting diode comprising the on 
Junctor,, however, presents a problVm IsoSatS 
wrth .nsulating the electrode for a W STiom 
an upper layer in case mat the eteTod^or me 
•°»er layer is formed through the^Jl*! 
9« me electrode on the uppV ^e^uTm* 
P-.ayer and n-.ayer are elecSLy cond^ST *" 

SUMMARY OF THE INVENTION 

The present invention was completed to solve 
this problem. It is an object of the present invenZ 

3 ,igh, " mittin9 ™>™<™™^ 

us.ng galbum nrtrid group compound which has a 


The p-layer is doped with, for example maone- 

30 ST, M9> ; ^ d0pi " 9 9ives ri se to anTfypt 
30 ^ SU,al,n ?> semiconductor, and me Hy£ lay* 
changes .nto the p-layer upon irradiation vSm 2T 

J" irradiafon * ^rried out^tl acS 
erabon voltage of 1 Kv to 50 Kv and i , ™ 
current of O.luA to 1 mA. Sample 

" eme^ U ^ 0fthepnjUnCti0nrea,i2edfor,h ««^t 
ome by the present inventors, it is possible to 
ower me operating voltage and * 

9 ***** » e ,i9nt «"■«■* 

40 taw- f ' "* flroove ,0 ^ed in the upper 

a^^upper.ayer^ me electro* fort,: 

The above-mentioned structure makes it possi- 
bteto-produce a ligh.-emitting device having S Dn 
45 « a^ the bump ^ Jepj 

formed for bom electrodes on me upper layl 

According to another embodiment of me 
Present jnvention. a player of gallium nitride corn- 
so S S9m, ^ Urtw ^ Qa ^ N .^ereO $ x<i, is 
50 f0rmed on ^ n-'ayer. and part of the i-layer is 
converted into p-type. so mat a partai pn jSon 

led flT^ e,8C,r0deS ' 0f ^ ,a ^s n 
led from the upper Wayer. This structure is pro- 
duced m me following manner. 
55 first, an Mayer is formed from an n-type gal- 
lium rutride compound semiconductor. An i-layer of 
gallium nitride compound semiconductor doped 
*'tn p-type impurities is formed on me n-layer 
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^ereXtr^ 96 re- 
surface of the Hay 'L n -? ye ' ,s ,om <« on me 

•VP* Part is forr^ * the ""'ayer. A p. 

'ayer so that he ?J££, re 9 ion <* the i- 

part is formed by irradiator ■ 1 9 P"* 09 

the Mayer with .LcEJS hJT* fe9i ° n °' 
^ (instating, gal/iom °* har " 0rds - *e 

conductor decreases I " 2 C ° mp ° Uno ' 
with eiearon " ^ UP °" '"^^ 

ductor. The th J C o n ?eS^r ' mak ^ 
layer form the pn JS? T T ^ the ,0 "°' n- 

Thus the electrode for , h T iT 
insulated and seoaraTr. ? '° Wer °- |a y ef «• 
the Mayer. " ' e ° TOm ^P* part by 

current of 0.1 uA to , mA ,0 50 kV a^ a sample 
^thTpre^t* jU r° n rea ' i2ed fof ». ** 

^ the i-layer. This stmctJre m !t e ^ *° ^ 
connection (with face do J,,. ^ the bump 


F *9 18 is a sectional y ie * 
of a light-emitting diode J!TJ 9 9 SIructu,e 

5 SSK 0 "^ <* ™E P REFERRE0 

>o me fo «owing examples. 

Example 1 


BRIEF DESCRIPTION OF THE DRAWINGS 

cording to a'rst ~ 
Hon. ent 01 *e present invert- 

V-l cha^riS^ Z *^ measured 

R 9- 9 « a sectional vfaw ckLT^^ 
a "Sht^mrningl^^ 0 ^ a ■****• of 

invention ^ embodi ™t of the present 


« 'ayers formed mZT! " bstr * e ' and 

severai 

layer 2 of a£ a ^ * "** 
GaN with a high eJL l ck " -'a* 6 ' 3 of 

^n-. ay er4of G rwLT, Cenfrati ° n - 3 , S 
•tan and a 0.2 un , » 7? °* Carrier concentra- 
» electrode 7 of alumin ^ 5 of GaN. An 

'ayer5.ar«r , a;rc^r?rr wi,h,hep - 

contact with the n^ayH %! ° a,um,nurn « *» 

vapor phase apitJ - SSSa ^ metatorganic 
"-ner. Thi 5 p ^ 2^3 N^ h 'T*- 

sapphire iu^TSl^* 71,6 Cteaned 
* { ,,15 e ^^Pa, ^ace was 

mounted in a react^n T ^ susceptor 

P« Phase etching at f too )-c jL \ 

f "9 through the reactinn .h T hydr09en ^ 

chamber in which thT^L 17,8 reaction 

<00 -C wastr P li2 ST ,Ure W8S tewefed « 

TMA at a flow rate ofTs x ? 0 - m o ;? S/m,n ' ^ 
w iwnn me urn thick n -laver ^ . 
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mol^n , 0f 20 m , nutes . w as , 0 form 

With me sapphire substrate i kept at 900" C 
he reaction chamber was supplied with H^at a 
ton %f,° '"^ N * « • «ow rate oh 
mown-n and CP,Mg at a now rate of 3 x io- 
«J«n .or 3 minutes, so as to form the 0.2 am 

t ran ^ e J*' ayer 5 W3S Uni ' 0rmly irradia,ed elec- 
paratLs ^r 9 a ; 6 " eCti0n diffracti °" *P- 

s r , cond,,,ons ,or irradiat,on «• « sr 

uA fcl^ erat,0n V0 ' ,a9e: 10 kV " S3m P' e C »™* 

eter 60^L ? r3,e: °" 2 mm/tac ' b " m «•">• 
eter. 60 amui. and vacuum: 2.1 „ i 0 -s Torr This 

est,. chan9ed me Mayer 5 «** ^ 

intn ' H V ' n9 3 reSiS,iVi,y flrea,e ' 10* Ocm 
nto a conduc-ng semiconductor having a resist 
'ty of 40 ocm. In this way. there was obtained the 
.Waver 5 which exhibits the p-type 

in F^V 3 '^ °' mtima y«°* structure as shown 
tL« 9 " ? T. 90 ' by 1,16 ^^-"'entioned steps 

be separated from one another later to make many 
chips. Figs. 3 to 7 are sectional views of a sTl 
device formed on the wafer 9 

the, P- layer 5 by sputtering as shown in Fig. 3 . t£ 
S.O, layer 11 was coated with a photoresist?? 
The photoresist .ayer 12 was removed aTSon S 

^eLt^T^ ^ positton A ^s 
where a hole 15 is to be formed which reaches the 

5* s y form2 f " * COnc «n. (,„ thThJe 
15 is formed later an electrode. ) The position B is 

sys? 9 part ,rom *• e,eetrode ,w 

The exposed parts of the SO, layer 11 which 
are not covered by the photoresist 12 weT 2 
™ved * etching with hydrofluoric acid ™ S IZ 

The exposed parts of the p-teyer 5 and n-layer 
4 o low carrier (which are not covered by ie 
Photores-st 12 and Sift layer 11) underwent 2 
etching with CCfeF, with Ar at a ftow rate of in 
ml/min at 0.04 Torr and at a w,,k_, 0 
0 44 w/Jj , J . h'9h-.requency power. 

drTeS « l erea,,er successiv «'y ""derwent 
dry etching as shown in Fig. 5. This dry etchino 
was earned out «i,l the upper surface oTtoe " 9 
teyer 3 was partly removed. A hole IS for the 
electrode leading ,0 the n'-layer 3 and a grle 9 
fo.nsuia.ion and separation were formed 9 b? this 


The SiO, layer 11 (ema ir.,ng on the p-i ave r s 
was removed by etching wim hydrofluoric* ' 
shown in Fig. 6. K 

Th upper surface of the sampl was entireiv 

'ayer □ and p-layer 5 remained 
The exposed pari of the AJ layer n nm , n 

. - • . ^ above^nentioned steps, the wafer was 
cu* .'.nto ,ndivid "al chips. Thus there was obSdl 
galhum nitride light-emitting diode having me D n 
junction structure, as shown in Fig. 1 . 9 P " 
The voltage-current (V-l) characteristic «i 

" S^" 9 ^ ( P " i-ctionlyTiS 0 
produced as mentioned above was measure? The 
resuft ,s shown in Fig. 8A. On the contra^ » e £ 
characteristics of a conventional MIS (metal insula 
tor semiconductor) type LED having an n ayer a td 
a semnnsulating Mayer was measured. The r eS 
m shown in Fig. 8B. From the Figs. 8A and 88*, is 
known that the drive voltage at a drive current of 10 
21 1 3 ?." 1 8 ! 0te in *• •» i^tion type LED 

*f„i ^ COrdin9,y - fte drive vo,ta 9 e to 'ower in 
ttte pn ,unct.on type LED than in the MIS type LED 

m «l man H\T^ Uremems ,or ma "V samples o^ 

Se % . MIS ^ LED ' S * was **«Sl tha 

« Z!Z °' ^ *•» LED ' S "ac- 

tuate but the dnve voltages concerning the MIS 

type LED s fluctuate from 10 V to IS V. 

■ The magnesium doping gas used in the above- 

mentjoned embodiment may be replaced by 

^ rnethylcyclopentadienyl magnesium Mg (C^ 

In the above-mentioned embodiment the n- 
tajfer is of double-layer structure composed of the 
" Hayer 3 of high carrier concentration and the n- 
teyer 4 of low carrier concentration. However, these 
so two layers may be replaced by a single n-layer 

In the case of the double-fayer structure the n- 
"ayer 4 of low carrier concentration should prefer- 
ably have a carrier concentration of 1 x 10" to 1 x 
10 /cm' and a thickness of 0.5 to 2 um. With a 
ss carrier concentration higher than 1 x lO'Vcm* the 
light-emitting diode decreases in light intensity 
wrm a carrier concentration lower than 1 x 
'0 /cm', th light-emitting diode radiates heat be- 
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cause of the increased send res.stance with . 
^ckness greater than 2 um . tne light-emi^ 
^* jadiates hea , b6eiwa of me ng d, 

T^T" 9 **'«ases in light inte^ ' 

have a ST' " f 3 ShOU,d P-*^ 
3 eonc ntrafion °' 1 * 10" to 1 x 
10"'cm> and a thickness of 2 to 10 um A carrier 
concentration higher than , x ,0'Vcm' is noS 
able be Cause crystai property becomes poo wS, 
a earner concentration tower than 1 x ^ 
l.ght«mitt,ng diode radiates heat because of' ,t! 

er man 10 um would cause the substrate to warn 
With a layer thickness smaller than 2 um ieS 
em.tting diode radiates heat because of the £ 
creased serial resistance. 


Example 2 

comrL«?T" ,i ' 19 di ° de 10 35 shown in Fig. 9 is 
composed of a sapphire substrate 1 and several 
layers formed thereon which include a SCO H2 

2 3 earner concentration, a 1.5 um 

t-on. The p-.ayer 5 is formed in a part of the ;. layef 

layered H?*, " ^ ^ »• 
^ n "^ er 4 of low ^rt* concentra- 

electrode 51 of aluminum for the p-layer 5 The 
electrode 52 for the n^aver 3 oVh^h • 

ollowng manner. This process employed NH? £ 

The followmg steps gave rise to a wafer of 
multMayered structure as shown in Fig frhfe 
wafer was processed into . multeity of elemenl 

10 to 16 are sectional views of a single device 

formed on the wafer. 

The process started with cleanino a sinr-to. 
c^sta. sapphire substrate by washing a7or 
game solvent and by heat treatment. The cleaned 
sapph^e substrate i (whose a-plane is 
surface) was placed on the susceptor mounted * 
* -reaction chamber of the MOVPE apparaj 
The sapph,re substrate 1 underwent vapor phase 


etchmg at UOO'C w„ h hy<3togen (| 
* reacts chamber a, a rate 1, 2 ^dZZt 
norma, pressure. The reaction chamber ,„ wh ~ h 
the temperature was lowered at 400' C w« . 

o 1.8 x 10 mol/m.n. so as t0 form a 500 A thick 
buffer layer 2 of AJN. ck 

, 0 th. W * me Sapphire **«*» i kept at 1 1 so • c 
'0 the reaction chamber was suoolied \Z J 

flow rate of 20 liters/min NH, TT L * 3 

^-n.T M Gataf, o r^T:;t 0 ,^ 
mo^ , and si.ane SiH. (di, ut ed to 0.86 ppm ° th 

* a^ o 0r mT2?um 30 mi ™ as » 

s ra lorm a 22 um thick n layer 3 of GaN with a 

h.gh earner concentration (,. S x 10»/cm>) 

mol/mm for 20 minutes, so as to i nm , \ 
thick n-layer 4 of GaN w th a !? a 1.5 um 

ton (1 x 10«/cm3) * 8 '° W C3rner concent *- 

* ih. TL-"" SaPPhife Substra,e 1 "«»pt at 900- C 
» Je reaction chamber was supplied with fTat a 

» -layer SO of GaN. The i-layer 5 as such was 1 
insulator. was 3/1 

£000 J: duck) by sputtering, as shown in Fig. i, 

^ed later which passed through 'the ^ £ 
C n S f 4 - ^ 9XP0W<1 ^ - ^ Sift 

m f^TS - ,? ^ Wth hydronuoric 

The exposed parts of the i-layer 50 and n-layer 
4 (which are not covered by the photoresist M Z 

o2wwJ , K? 0,, °* ina,OMT «'*"J 
(h'flh-frequency power) and thereafter 
successively dry etching with Ar. This dry etchina 
was carried out till the surface of the 

IX 'l a""' f0m,ed ° y miS - sh ^" 

The SiO, layer 11 remaining on the i-layer 50 
was removed by etching with hydrofluoric acid as 
shown in Fig. 14. 

« The i-layer 50 was locally irradiated with elec- 
- toon rays using a reflection electron diffraction ap- 
paratus to form a p-type part 5 which was p-type 
sem.conductor. as shown in Fig. , 5 . The conditions 
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for irradiation were as follows Acceleration voltage 
'0 kV. sample current: 1 uA . beam moving rate 
0 2 mm/sec. beam diameter: 60 umtf. and vacuum* 
2.1 x 10~ S Torr. This irradiation changed the Mayer 
50 (which was an insulator having a resistivity 
greater than 10» 0cm) into a p-type semiconductor 
having a resistivity of 35 0cm. The part other than 
the p-type part 5 (i.e.. the part which was not 
irradiated with electron rays) remained the Mayer 
50 which was an insulator. Therefore, the p-type 
part 5 formed the pn junction with the n-layer 4 in 
the vertical direction; but it was electrically isolated 
a/id insulated from its surrounding by the Mayer 50 
in the horizontal direction. 

An Al layer 20 was formed to cover the p-type 
part 5. the Mayer 50. and the inside of the hole 15 
as shown in Fig. 16. The Al layer 20 was coated 
with a photoresist layer 21. which was to be subse- 
quently patterned by photolithography so that elec- 
trodes for the n*-layer 3 and the p-type part 5 
remained unetched. 

The exposed part of the Al layer 20 underwent 
etching with nitric acid, with the photoresist 21 as a 
mask. The photoresist 21 was removed with ac- 
etone. In this way there were formed the electrode 
52 for the n -layer 3 and the electrode 51 for the 
P-type part 5. as shown in Fig. 9. After the above- 
mentioned steps, the wafer was cut into individual 
elements. 

The V-l characteristics of the light-emitting di- 
ode ( pn junction type LED) 10 produced as men- 
tioned above was measured as well as in the 
example 1. The result is shown in Fig. 17A. The V-l 
characteristics of a conventional MIS type LED 
having an n-layer and a semi-insulating Mayer is 
shown in Fig. 17B. From the Figs. 17A and 17B it 
is known that the drive voltage at a drive current of 
10 mA is about 8 volts in the pn junction type LED 
and the drive voltage is about 13 volts in the MIS 
type LED. Accordingly, the drive voltage is lower in 
the pn junction type LED than in the MIS type LED 
From many measurements for many samples of 
the pn and MIS type LED's it was observed that 
the dnve voltages of me pn type LED's little fluc- 
tuate but the drive voltages concerning the MIS 
type LED's fluctuate from 10 V to 15 V. 

The magnesium doping gas used in the above- 
mentioned embodiment may be replaced by 
methylcyclopentadienyl magnesium Mg (CsHs)- 


Example 3 

A light-emitting diode 10 as shown in Fig. 18 is 
composed of a sapphire substrate 1 and several 
layers formed thereon which include a 500 A thick 
buffer layer 2 of AIN. a 0.2 urn thick p-layer 5 of 
GaN. a 1.5 urn thick n-layer 4 of GaN with a low 


earner concentrate and a 2.2 urn th.ck n".| aye r 3 
of GaN with a high carrier concentration. An elec 
trade 8 of aluminum is in contact with the n* -layer 
3. and an electrode 7 of aluminum is in contact 
* w.th the p.,a ye r 5. The electrodes 7 and 8 sew 
fated from each other by a groove 9. 

The light-emitting diode 10 of the above-men- 
tioned structure was produced by the meta.organic 
vapor phase epitaxy (MOVPE) in the same manner 
'o as the example 1. 

In the example 3. the order of forming the p- 
layer 5 the n-layer 4 and *e n^aver 3 is Jy 
different from the example 1. 

In the above-mentioned embodiment, the n- 
'J layer ,s of double-layer structure composed of an 
n -layer 3 of high carrier concentration and an n- 
layer 4 of low carrier concentration. However, these 
two layers may be replaced by a single n-layer 
In the case of double-layer structure, the n- 
20 layer shouW preferably have a carrier concentration 
of 1 x 10'* to 1 x 10< W and a thickness of 0 5 
^ 3 Caffier ""^""ation higher than 1 
x 10 /cm', the light-emitting diode decreases in 

25 E TSSl T 3 C3r,ier con ««on lower 
25 tfian I x 10»/cm3. the light-emitting diode radiates 
heat because of the increased serial resistance. 
With a thickness greater than 2 urn. the light- 
emitting diode radiates heal because of the in- 
creased serial resistance. With a thickness smaller 
*> han 0.5 urn. the light-emitting diode decreases in 
light intensity. 

In addition, the n*-layer 3 should preferably 
have a carrier concentration of 1 x 10" to 1 x 
10»/cm' and a thickness of 2 to 10 urn. A carrier 
as concentration higher than 1 x 1 0'Vcm' is not desir- 
able because crystal property becomes poor. With 
a carrier concentration lower than 1 x 10' 7 /cm 3 , the 
light-emitting diode radiates heat because of the 
increased serial resistance. A layer thickness great- 
40 w than 10 urn would cause the substrate to warp 
With a layer thickness smaller than 2 urn. the light- 
emitting diode radiates heat because of the in- 
creased serial resistance. 

There are disclosed two types of gallium nitride 
45 LED having the pn junction. An LEO of gallium 
nitride compound semiconductor (AL.Gat.xN, where 
<Kx<1) comprises an n-layer; a p layer which ex- 
hibits p-type conduction upon doping with p-type 
impurities and irradiation with electron rays, the p- 
» layer joining to the n-layer; a first electrode' for the 
n-layer so as to join to the n-layer. passing through 
a hole formed in the player which extends from the 
P-layer to the n-layer; and a second electrode for 
the p-layer which is formed in a region which is 
ss separated by a groove formed in the p-layer so as 
to extend from the upper surface of the p-layer to 
said n-layer. An LED comprises an n-layer; an i- 
layer doped with p-type impuritj s. the i-layer join- 
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■ng to the n-layer; a firs, electrode for said n-laver 
so as to ,o,n t0 me n-layer. passing through a S 
formed n the i-.ayer which extends from L u£er 
surface of the Mayer to the n-layer; a p-type pX, 
a spea^ region in me i-tayer vvhichTs^nv^d . 

Is me"! " nduCt, °" ^ *™*«"Q -rth electron 
rays, the p-type part being formed such that said 
hrst electrode is insu.ated and separated oy the ? 
'ayer; and a second electrode for said p^f* '£l 

Claims - 'o 

1. A Jight-emitting semiconductor device using 
gallium nrtride group compound comprising- 

an n-layer of n-type gallium nitride group , s 
compound semiconductor (M,G*. mK where 

a p-layer of gallium nitride group com- 

S h em K ,co " ductor (AlxGai.,N, where 

uSn L I Xhib ' ,S the ^ 20 
upon dopmg w,m p-type impurities and irradia- 

2dnl h yer r0nrayS - Saidp -^^«° 


A process for producing a light-emitting semi- ~ 
conductor device using gallium nitride f group 
compound comprising the steps of- 

forming an n-layer of n-type gallium nitride 
group compound semiconductor (ALGa, N 
where 0Sx<l); 

forming an i-layer of semi-insulator of ga |- " 
o-m mtnde group compound semiconductor 
W,Ga-..N. where 0Sx<l) doped with p-type 
impurities; and h-'/»w 

converting said i-layer into a p-layer which as 
exh.bits p-type conduction by irradiating- S 
layer with electron rays. 

3. A light-emitting semiconductor device using 

gallium nrtride group compound comprising: 
an n-layer of n-type gaJOum nitride group 

5x"<T SemiC ° nductor ^G^N, where 

ooui P "« yer i ^L 9affium nitride com- 
SS, J^^^or (AJ.Ga„N, where « 

upon doping wrth p-type impurities and irradia- 

loJJl eleCtr0de f ° f S3id ""^ « » 
formed on an upper surface of said p-layer so 

as to W ,n to said n-layer. passing mrough a 

hole formed in said p-layer which extends from 

sa.d upper surface of said p-layer to said n- 

layer; and 

a second electrode for said p-layer which " 
«s formed in a region opposite to said first' 
electrode, said region being on said upper 


surface of said p.|ay e r and be.ng separated 
from said first electrode by a groove for m ^ 
said p-layer so as to extend 'from ^ 
surface of said p-.ayer to said n- teyer . " PPer 

<■ A light-emitting semiconductor device usinn 

gallium niWde group compound comSng 5 *" 9 

com^,^ 3 ' 6 ' 01 9a " ium group 

expound semiconduaor (A^Ga^.N. where 

pound ni,fide 9 f0u P 

pound semiconductor (AI,Ga,. > N. where 

0*x<l) wh,ch exhibits the p-type conduction 

rwr^rrrr impuriuesandirradia - 

crrrrZ ^ * ""^ 9 a " iUm group 

compound semiconductor <Al,Ga,,N. where 
0Sx<1) sa.d n-layer joining to said p-layer- 

a first electrode for said p-layer which is 
ormed on uppef ^ ^ Jf which is 

hL , J° S3id passinQ »"«0h" 

hole formed .„ said n-layer which extends L* 

^upper surface of s*d ,*yer to said*? 

elecSf fe9,0n ° Pp0Site ,0 "* ** 
electrode, sad region being on said upper 

surface of said n-layer and being separSf 

from said first electrode by a groove formed" 

said n-layer so as to extend from said upper 

surface of said n-layer to said p-layer. 

conductor device using gallium nitride group 
compound comprising me steps of: 

forming an i-layer of semi-insulator of flai- 
rs" J' 0 "' J° mP0Und ^'conductor 
• a- Where d0De d with p-type 

J* ° n ^ oi «HW» gallium 

25! J*!!!! °° mP0Und »""^ductor 
(AlxGa^N. where 0Sx<i); 

exhibits p-type conduction by irradiating said i- 
layer with electron rays; 

forming in said p-layer a hole extending 
from an upper surface of said p-layer to said 
n-layer in which an electrode for said n-layer is 
to be formed and also forming in said p-layer a 
groove which separates said hole; 

forming on said p-layer surrounding said 
hole an electrode for said n-layer which passes 
through said hole to join to said n-layer; and 

forming on said upper surface of said fl- 
ayer separated by said groove an electrode 
tor said p-layer. 
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6- A process for producing a ngnt-emitt.ng semi- 
conductor device using g^Bum njtride 
compound comprising: 

forming an i-layer s mi-insulator of g a i| ium 
n-u.de compound semiconductor (AijL, N 
where 0*x<„ doped with p-typ, .mp^- 

exhibfe^" 9 Said J'"' ayer in, ° 3 P-' 3 ' 0 ' »»*h 
• exh,brts P-type conduction by irradiating said i- 
layer with electron rays: 

forming on said p-layer an n-.ayer of gal- 
Jjm «W. group compound semiconductor 
(A^ua^N, where 0£x<1); 

forming in said n-layer a hole extending 
from an upper surface of said n-layer to said 
flayer ,n wh,ch an e.ectrode for said p-layer is 
to be formed and also forming in said n-layer a 
groove which separates said hole- 

forming on said n-layer surrounding said 
hole an electrode for said p-layer which passes 
through sad hole to join to said p-layer; and 

form.ng on said upper surface of said n- 
teyer separated by sad groove an electrode 
for said n-layer. 


r. A light-emitting semiconductor device using 
gallium nitride group compound comprising 

mm l n 'i 3yer °' 9a,lium group 

compound semiconductor (AJ^n. where 

nrtnT i '' ayer °' or of gallium 

< r P ° Und s ^"ducto? 
WWa,,N. where <*x<t) doped with p-type 
•mpunties. said i-layer joining to said n-laver 

famli e,eCtr0de ,or said "Hayer which" is 
formed on an upper surface of said i-layer so 

Zu J° m J° S3id "'^^ P«*«9 through^ 
bote formed ,n said i-layer which extends from 
said upper surface of said Waver to said ™ 

la Jw'nST P " t in 3 SpeCifiC ^ « *W 
bv iLS . C0 " Verted int0 conduction 
by .msdiation with electron rays, said p-type 
Pan being formed such that said first electrode 
•s insulated and separated from saidTC 
part by said Mayer; and 

a second electrode for said p-type part 
which^formedon an upper surfacTo^^ 

a 5S f ° r Pr0ducin9 a 'ight-emitting semi- 

condu«or d evi C e using gallium nrtricJgrouJ 
compound comprising: 

forming an i-layer of semi-insulator of 
gallium mtnde group compound semiconductor 
JAM3a,.,N. where (Kx<l) doped with p-type 
.mpurites on an n-layer of n-type gS 

(Ai.Ba^N. where 0Sx<1) ; 


forming ,n said Maye, a no.e e^enomg 
rom an upper surface 0< Mld i. layer , Q « 
ayer ,n which an Strode for sad n- lay er , s 
to be form d; y s 

in * ^ Part in 3 1««c 'egion 

1? , T *** is '"to p-ryw 

conducbon by irradiating with electron ra y ? 
««» P-type pan being forrned Such ma , 
hole* separated from sad ^ £ 

ho. B f »ri°^ "** s ^o«"ding said 

hole an electrode for said n-layer wh.ch passe* 

through said hole to join to said n^ayer^T 
forming on an upper surface of said p-type 

part an electrode for said p-type part. 

9. A light-emitting device according to Claim 3 
wherein sad n-layer is of doub.e-laye, Z c . 

*> T^y** 01 «• ^ of .ow i f 

tne former layer joining to said p-iaver and 

* hT Q ;S^ e ^ Sto - id Xro 
25 nigh earner concentration. 


T5 


10- A light-emitting device according to Claim 4 
wherein said n-fcyer is of doub^layer sTuc 
. ture composed of an n-layer of low carrier 

£ ?L Jf^ 01 Wflh cafrie ' concentra- 
ton m wh,ch the electron density is high, with 
^9 former layer joining , 0 said p-layer and 
sad second electrode is formed on said n' 
» layer of high carrier concentration. 

11. A light-emitting device according to Claim 7 
wherein sad n-layer is of double-layer struc-' 
r^?° sed <* ^ flayer of .ow car" er 

^ ^ "J! ySf 01 Wflh ^ ""centra- 
IT l!^ etectron densrtv is high, with 
^ tT^T ,0 «* P-"ayer. and 

sad first electrode joins to said n* -layer of 
45 high earner concentration. 

1Z \?J** nilBn fl ^vice according to Claim 9 
T„H ^ com P fis «s a sapphire substrate 

» formed thereon, with sad n -layer of high ear- 
ner concentration being formed on said buffer 
layer. 


ss 


13. A light-emitting device according to Clam 11 
which further comprises a sapphire substrate 
and a buffer layer of aluminum nitride (AIN) 
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formed hereon, with said n*-layer of high car- 
net concentration being formed on said buffer 
layer. 

14. A light-emitting devic according to Claim 1 
wherein irradiation with electron rays is carried 
out at an acceleration voltage of 1 kV to 50 kV 
and a sample current of 0.1 a A to 1 mA. 
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FIG. 9 
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FIG. 10 
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LED havng the on junction. An LED of gallium 

S'nZr"' ^.-N where 

Wx<l) composes an n-layer; a p*yer which exhib- 
rt f. conduction upon doping with p-type impu- 
ntes and irradiation wHh electro; rays . ftTpSS 
lo.n,ng to the rMayer; a first electrode Yor the nW 
so as to join to the rMayer. passing through T hote 
formed ,n me p-layer which extend/from L AJS 
tothe n-layer^and a second electrode for the £la£r 
wh.ch ,s formed in a region which is separated by a 
groove formed in the p-layer so as to eLd from 


the upper surface of the p-layer to said n-layer. An 
S ^ ^ y9r ' *" "OP"* with p- 

first electrode for said n-layer so as to join to the n- 
teyer. pass.ng through a hole formed in the Mayer 
wtuch extends from the upper surface of the Mayer 

!! n H P-rt in 3 Specif,c re 9ion in 

Je Mayer when ,s converted into p-type conduction 
by radiating with electron rays, the p-type part 
being formed such that said first electrode is V 

l^**? S6 ^f a,ed b * *• i-'ayer; and a second 
electrode for said p-type part. 
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